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[s7] - ABSTRACT 

A Novolak epoxy resin is prepared by adding an aque 
ous solution of alkali metal hydroxide to a solution of 
Novolak phenolic resin in epichlorohydrin, distilling off 
water during said addition in the form of an azeotrope 
with epichlorohydrin and recycling the latter, while 
maintaining the reaction medium at 60-80‘ C and at a 
pH between 7 and 8 and a water content of from 0.5 to 
2.5 wt.% in said medium. 

The thermosetting resin thus obtained can be used in 
applications requiring resins with low chlorine con 
tents, low viscosity and high epoxy value. 

10 Claims, No Drawings 
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PREPARATION OF NOVOLAK EPOXY 

The present invention relates to a method for the 
preparation of Novolak epoxy resins having a high 
epoxy value, low viscosity and low hydrolizable chlo 
rine content. 
Novolak epoxy resins may be prepared by reacting a 

Novolak phenolic resin: 

OH OH OH 

where n varies from 0 to about 5, with an epoxidizing 
agent, preferably epichlorohydrin, in the presence of an 
acceptor of hydrohalic acid. 
These Novolak epoxy resins can be transformed into 

compounds having a higher molecular weight by reac 
tion with hardening agents, reactive with the epoxy 
groups, such as amine compounds, anhydrides of car 
boxylic acids and polyamides. 
The Novolak epoxy resins obtained from the Novo 

lak phenolic resins (I) with n>0, possess in relation to 
conventional bisphenol epoxy resins, a higher epoxy 
value, where by “epoxy value” is meant the number of 
epoxide groups per mole of resin. 
The epoxy resins obtained fromv 2,2-bis(4-hydroxy 

phenyl)propane (bisphenol A) and epichlorohydrin can 
at best have an epoxy ‘value equal to 2. The greater 
epoxy value of the Novolak epoxy resins permits the 
obtaining of hardened resins having a greater degree of 
cross-linking, and thus a greater chemical and thermal 
resistance. 

In general, Novolak epoxy resins have, compared 
with the traditional epichlorohydrin-bisphenol resins, 
disadvantages due to their excessively high viscosity. 
Moreover, regardless of the number of hydroxy 

groups of the said Novolak phenolic resin, it is not 
possible to transform all the phenolic hydroxyl groups 
into epoxide groups, when using known methods. 
The conventional Novolak epoxy resins contain an 

excessively high amount of hydrolizable chlorine, with 
a resulting short “pot-life” of these resins when the 
latter are hardened with amines. 
These drawbacks are avoided by means of the 

method of the present invention, which affords the 
preparation of Novolak epoxy resins from Novolak 
phenolic resins (I) and from epichlorohydrin, having 
low viscosity and hydrolyzable chlorine content and a 
high epoxy value. 

Thus, the invention provides a process for the prepa 
ration of a Novolak epoxy resin, characterized by 

(a) gradually feeding an aqueous solution of alkali 
metal hydroxide into a solution in epichlorohydrin of a 
Novolak phenolic resin defmableby the general for 
mula: 
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where the average value of n is from 0 to 5, the ratio 
between the moles of epichlorohydrin and the number 
of phenolic hydroxyl groups in said epichlorohydrin 
solution being from 2.5:1 to 12:1, until the number of 
moles of alkali metal hydroxide fed in is substantially 
equivalent to the number of phenolic hydroxyl groups 
present in said epichlorohydrin solution, while main 
taining the reaction medium at boiling point and at a 
temperature of from 60° to 80° C., distilling off water in 
the form of an azeotropic mixture with epichlorohydrin 
and recycling the distilled epichlorohydrin into the 
reaction medium, the addition of alkali metal hydroxide 
and the distillation conditions being adjusted so as to 
maintain in the reaction medium a water content of 
from 0.5 to 2.5 wt.% and a pH value between 7 and 8; 

(b) distilling off the residual water present in the 
reaction medium and recovering the Novolak epoxy 
resin from the reaction products. 
The Novolak phenolic resins used in the process of 

the present invention are those de?ned by the general 
formula (I), where n is from 0 to 1.0 when Novolak 
epoxy resins, which are liquid or semi-liquid at atmo 
spheric temperature, are prepared and where n is higher 
than 1.0 and up to 5 in the preparation of solid Novolak 
epoxy resins. 
As is known these Novolak phenolic resins are ob 

tained in the art by condensing phenol and formalde 
hyde in a phenol/formaldehyde molar ratio higher than 
1:1 and in the presence of an acid catalyst. 
According to the present invention, the ratio of the 

number of moles of epichlorohydrin to the number of 
phenolic hydroxyl groups in the epichlorohydrin solu 
tion is kept at a value of from 2.5:1 to 12:1. 
When this ratio is lower than 2.5:1, the resulting _ 

Novolak epoxy resin has undesired values of the epoxy 
equivalent and viscosity, whilst values greater than 12:1 
afford no appreciable improvements. Best results are 
obtained by maintaining said ratio at a value of from 6:1 
to 8:1. 

It is also essential, for the purposes of the present 
invention, to add the alkali metal hydroxide in a molar 
amount substantially equivalent to the amount of phe 
nolic hydroxyl groups in the epichlorohydrin solution, 
thereby to avoid those secondary reactions, due to the 
action of the alkaline hydroxide on the epichlorohydrin, 
which lead to the formation of undesirable by-products. 

It should be noted that, in the art, it is usual instead to 
use an excess of alkali metal hydroxide with respect to 
the equivalent value (typically 10-20% in excess) with 
the aim of reducing the hydrolyzable chlorine content 
of the Novolak epoxy resin. 

Preferably, a concentrated aqueous solution of alkali 
metal hydroxide is used, for example a solution contain 
ing from 30 to 50% by weight of alkali metal hydroxide, 
and the hydroxide is preferably sodium or potassium 
hydroxide. 
The reaction temperature, the water content of the 

reaction medium, and the pH of said medium are criti 
cal. 
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In particular, the reaction temperature is kept at from 
60° to 80° C., and the corresponding pressure needed to 
keep the mass boiling is usually from 100 to 250 mm Hg. 
The water is distilled continually in the form of an 

azeotropic mixture with epichlorohydrin. The vapours 
obtained are condensed and the aqueous layer of the 
condensate is discharged, while the organic layer is 
continually recycled to the reaction medium. 
The water content of the reaction medium is main 

tained at a value of from 0.2 to 2.5% by weight, and 
preferably of the order of 1% by weight. 
Optimum values of the pH are around 7.5. 
The feed rate of the aqueous solution of alkali metal 

hydroxide is both commensurate with the rate of re 
moval of water from the reaction medium, thereby to 
maintain the required amount of water in the medium, 
and also with the rate of epoxidation of the Novolak 
phenolic resin, thereby to maintain the amount of free 
alkali metal hydroxide in the reaction medium, and 
hence the pH, at the desired level. 
Only by operating under the conditions described, is 

it possible to obtain Novolak epoxy resins having an 
epoxy equivalent value practically equal to the theoreti 
cal value, a low viscosity and an extremely low hydrol 
izable chlorine content. 

It has been found that higher pH values, and hence 
greater contents of free alkali metal hydroxide in the 
reaction medium, bring about undesirable effects similar 
to those encountered in those known methods in which 
an excess of alkali metal hydroxide with respect to the 
equivalent value is used. 
Moreover, when operating at temperatures higher 

than 80° C., the resulting phenolic epoxy resins have 
excessively high values of molecular weight and viscos 
ity. 

Finally the water content of the reaction medium is 
important. It has been found in fact that the use of water 
contents beyond the indicated range leads to an increase 
in viscosity and in chlorine content of the epoxy resin, 
while the epoxy equivalent is shifted away from the 
theoretical value. 
Upon completion of the addition of alkali metal hy 

droxide, it is convenient to maintain the reaction me 
dium at the same temperature and pressure for a period 
of from 10 to 20 minutes. In this stage of the reaction the 
residual water is almost completely removed from the 
reaction medium. 
The Novolak epoxy resin is ?nally recovered from 

the reaction products by means of known techniques. 
Thus, for example in the case of liquid Novolak 

epoxy resins, the reaction products may be treated with 
water so as to wash out the alkali metal chloride. After 
removal of the aqueous phase, the unreacted epichloro 
hydrin is distilled off at subatmospheric pressure, and it 
is generally convenient to ?lter off the distillation resi 
due so as to remove any inorganic compound present. 
Filters suitable for this purpose are horizontal or verti 
cal grid type ?lters, with disc bases of porous organic 
?bres, operating with or without ?ltration aids. 

In the case of solid Novolak epoxy resins it is conve 
nient to carry out the ?ltration with the resin dissolved 
in a suitable solvent. The solvent is then removed by 
distillation. 

In both cases, the Novolac epoxy resins obtained 
have an epoxy equivalent value equal, or very close, to 
the theoretical value. 
These resins are very pure and their hydrolyzable 

chlorine content is extremely low; thus, for example in 
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4 
the case of liquid phenolic epoxy resins the hydrolyz 
able chlorine content does not exceed 0.2% by weight. 

EXAMPLE 1 

One uses a reaction vessel (distillation ?ask) having a 
mechanical agitator, an electric heater, a distillation 
column, a condenser, a separation ?ask for the water 
epichlorohydrin distillate with a syphon for recycling 
into the reaction vessel the heavy epichlorohydrin 
phase, and a pressure regulation system. 

3,400 grams of epichlorohydrin and 500 grams of a 
Novolak resin of general formula (I) where n is about 
zero, are fed into the reaction vessel. 
The molar ratio between epichlorohydrin and Novo 

lak resin is thus about 14.72, and the ratio between the 
number of moles of epichlorohydrin and the number of 
phenolic hydroxyl groups is approximately 7.3:1. 
The pressure in the apparatus is brought to 160 

mmHg, and the mass is gradually heated to boiling. 
400 grams of 50% by weight aqueous solution of 

sodium hydroxide are then gradually added over a per 
iod of 5.5 hours. Upon completion of this addition, the 
ratio of the number of moles of hydroxide to the number 
of phenolic hydroxyl groups is equal to 1:1. 
During the addition of the aqueous solution of so 

dium hydroxide the operating temperature is 70° C., and 
the water is removed from the reacting mass in the form 
of an azeotropic mixture with epichlorohydrin, the 
vapour being condensed and the liquid epichlorohydrin 
recycled. 
Under these conditions, the average amount of water 

present in the reaction medium is of the order of 1% by 
weight, and the pH is about 7.5. 
When the sodium hydroxide has been added, the mass 

is boiled for a further 15 minutes. 
The pressure in the apparatus is brought to atmo 

spheric pressure and the temperature of the mass to 80° 
C. 

560 grams of water are added gradually to the agi 
tated mass and then the organic layer is separated from 
the aqueous layer. 
The unreacted epichlorohydrin is removed from the 

organic phase, operating at subatmospheric pressure. 
The distillation residue is ?ltered in order to separate 
the last traces of inorganic compounds present, using 
diatomaceous earth as ?lter aid. 

Thus, 605 grams of a Novolak epoxy resin are ob 
tained, having the following properties: 
Gardner viscosity at 25° C. : Z5 
viscosity (in cps) : 10,800 
epoxy equivalent : 167 I 

volatile substances (wt.%) : 1.0 
Gardner color : 2 
“pot-life” at 25° C. (in minutes) : 60 
hydrolyzable cl?orine (wt.%) : 0.17 

EXAMPLE 2 

Operating according to the procedure of Example I, 
3,400 grams of epichlorohydrin and 500 grams of a 
Novolak resin of general formula (I) where n is about 
0.2, are fed into the distillation ?ask. 

- The molar ratio of the epichlorohydrin to the Novo 
lak resin is thus about 16:1, and the ratio between the 
moles of epichlorohydrin and the number of phenolic 
hydroxyl groups about 7.4:1. 
The pressure in the apparatus is brought to 160 

mmHg, and the mass is heated to 70° C. 
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396 grams of a 50'wt.)%’ aqueous solution of sodium 

hydroxide are then gradually added in 5 hours. 
During the addition, the reaction temperature is 

about 70° C., and the water is removed in the form of an 
azeotropic mixture with epichlorohydrin, the vapor 
being condensed and the-liquid epichlorohydrin recy 
cled. ‘ 

Under these conditions, the average amount of water 
present in the reaction medium of the order of 1% by 
weight, and the pH is about 7.5. 
The procedure is then the same as in Example 1 and 

600 grams of a Novolak epoxy resin are recovered hav 
ing the following properties: 
Gardner viscosity (as measured at 25° C. in 90% 

butylcarbitol solution) : Y-t-Q ' 
viscosity in cps (as measured at 25° C. in 90% butyl 

carbitol solution) : 2,080 
epoxy equivalent: 167 . 
volatile substances (wt.%) : 1.0 
Gardner color : l 
“pot-life” at 25° C. (in minutes) : 45 
hydrolyzable chlorine (wt.%) : 0.1 

EXAMPLE 3 

Operating according to ‘the procedure of Example 1 
3,285 grams of epichlorohydrin and 500 grams of a 
Novolak resin corresponding to the general formula (I) 
with 11 equal to aboutl, are fed into the distillation ?ask. 
The molar ratio of the epichlorohydrin to the Novo 

lak resin is thus about 2l.7_:l‘, and the ratio between the 
moles of epichlorohydrin and the number of phenolic 
hydroxyl groups is 72:1. 
The pressure in the , apparatus is brought to 160 

mmHg, and the mass heated to 70° C. 
390 grams of a 50% by weight aqueous solution of 

sodium hydroxide are then added gradually in 5 hours. 
After this addition, theiratio of the number of moles 

of sodium. hydroxide to the number of phenolic hy 
droxyl groups is 1:1. - - 

During the addition of the aqueous sodium hydrox 
ide, the reaction temperature is about 70° C., and the 
water is removed in the form of an azeotropic mixture 
with epichlorohydrin, the vapour being condensed and 
the liquid epichlorohydrin phase recycled. 
Under these conditions, the average amount of water 

present in the reaction medium is of the order of 1% by 
weight, and the pH is about 7.5. 
Upon completion of the sodium hydroxide addition, 

the reagent mass is boiled for a further 15 minutes, the 
pressure being then brought to atmospheric and the 
temperature to 80°—85° C. 

500 grams of water are gradually added to the agi 
tated mass, the aqueous layer is separated from the 
organic layer and the latter is distilled at subatmo 
spheric pressure, in order to remove the unreacted epi 
chlorohydrin. 
The distillation residue is ?ltered, using diatomaceous 

earth as ?lter aid. , 

Thus, 610 grams of a Novolak epoxy resin are ob 
tained having the following properties: 
Gardner viscosity (as measured at 25° C. in 85% by 
weight solution in methyl ethyl ketone) : V 

viscosity at 50° C. in cps : 39,400 
epoxy equivalent : 168 
volatile substances (wt.%) : 1.0 
Gardner color : l 
“pot-life” at 25° C. in minutes : l5 
hydrolyzable chlorine (wt.%) : 0.2 
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EXAMPLE 4 (comparison) 

Operating according to the procedure of Example 1, 
3,400 grams of epichlorohydrin and 500 grams of a 
Novolak resin corresponding to the general formula (I) 
with u about 0.2, are. fed into the distillation ?ask. 
The molar ratio of the epichlorohydrinto the Novo 

lak resin is thus about 16.2:1, and the ratio between the 
moles of epichlorohydrin and the number of phenolic 
hydroxyl groups is- about 7.4:1. ' 
The reaction medium is heated to boiling point at 

atmospheric pressure, and 396 grams of a 50% by 
weight aqueous solution of sodium hydroxide are added 
gradually to the rhass in 3 hours. 
Under these conditions, the reaction temperature 

drops from an initial value of 105° C. to a ?nal value of 
95° C., and 170-180 grams of epichlorohydrin are dis 
tilled, the distilled epichlorohydrin being recycled into 
the reaction medium. 
Moreover, during the addition of the aqueous sodium 

hydroxide, the average amount of water present in the 
reaction medium about 5% by weight, and the pH is 
very basic (about 14). 
The procedure is then the same as in Example 3 and 

580 grams of a Novolak epoxy resin are obtained, hav 
ing the following properties: 
Gardner viscosity (as measured at 25° C. in 90% 

butylcarbitol- solution) : Z1 
viscosity at 50° C. in cps : 2,100 
epoxy equivalent :-190 
volatile substances (wt.%) : 1.0 
Gardner color : 4 
“pot-life” at 25°C. in minutes : 26 
hydrolyzable chlorine (wt.%) : 2 

' EXAMPLE 5 

Operating according to the procedure of Example 1, 
2,850 grams of epichlorohydrin and 500 grams of a 
Novolak resin corresponding to the general formula (1) 
with 11 equal to about 3, are fed into the distillation ?ask. 
The molar ratio of the epichlorohydrin to the Novo 

lak resin is thus about 32:1, and the ratio between the 
moles of epichlorohydrin and the number of phenolic 
hydroxyl groups is about 6.4:1. 
The pressure in the apparatus is brought to 200 

mmHg and the mass heated to boiling point. 
352 grams of a 50% by weight aqueous solution of 

sodium hydroxide are gradually added to the reacting 
mass over 5 hours. 
During the addition of the aqueous sodium hydrox 

ide, the reaction temperature is about 75° C., the water 
being removed in the form of an azeotropic mixture 
with epichlorohydrin. The vapour is condensed and the 
liquid epichlorohydrin recycled. Under these condi 
tions, the average amount of water present in the reac 
tion medium is of the order of 1% by weight and the pH 
is about 7.5. 
Upon completion of the addition of sodium hydrox 

ide, the mass is boiled for a further 15 minutes, and then 
200 grams of water are added gradually. 
The aqueous layer is separated from the organic layer 

which is then distilled at subatmospheric pressure to 
remove the unreacted epichlorohydrin. 

800 grams of methyl ethyl ketone are added to the 
distillation residue, and the solution thus obtained is 
filtered to remove the inorganic compounds present, 
using diatomaceous earth as filter aid. 
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The methyl ethyl ketone is then distilled off and 600 
grams of a Novolak epoxy resin are recovered, having 
the following properties: 

melting point in '' C. (capillary) : 51-56 
epoxy equivalent : 192 
volatile substances (wt.%) : 0.9 
Gardner color : 2 
hydrolyzable chlorine (wt.%) : 0.8 
It should be noted that in the Examples the “pot-life” 

is determined on a mixture of 90 parts by weight of 
Novolak epoxy resin and 10 parts by weight of triethyl 
enetetramine. 
The hydrolyzable chlorine content is measured ac 

cording to the method ASTM D 1726/72 T. 
The epoxy equivalent is measured according to the 

method ASTM D 1652/62 T. 
What we claim is: 
1. A method for the preparation of a Novolak epoxy 

resin, which comprises: 
(a) gradually feeding an aqueous solution of alkali 

metal hydroxide into a solution in epichlorohydrin 
of a Novolak phenolic resin de?nable by the gen 
eral formula: 

on on ' on 

\ 
CH2 CH1 : 

/ 
_ II 

where the average value of n is from 0 to 5, the 
ratio between the moles of epichlorohydn'n and the 
number of phenolic hydroxyl groups in said epy 
chlorohydrin solution being from 2.5:1 to 12:1, 
until the number of moles of alkali metal hydroxide 
fed in is substantially equivalent to the number of 
phenolic hydroxyl groups present in said epichlo 
rohydrin solution, while maintaining the reaction 
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8 
medium at boiling point and at a temperature of 
from 60° to 80° C., distilling off water in the form 
of an azeotropic mixture with epichlorohydrin and 
recycling the distilled epichlorohydrin into the 
reaction medium, the addition of alkali metal hy 
droxide and the distillation conditions being ad 
justed so as to maintain in the reaction medium a 
water content of on the order of from 1 to 2.5 wt.% 
and a pH value between 7 and 8; 

(b) distilling off the residual water present in the 
reaction medium and recovering the Novolak 
epoxy resin from the reaction products. 

2. The method of claim 1, wherein said ratio between 
the moles of epichlorohydrin and the number of pheno 
lic hydroxyl groups is from 6:1 to 8:1. 

3. The method of claim 1, wherein said alkali metal 
hydroxide is selected from the group consisting of so 
dium and potassium hydroxide. 

4. The method of claim 1, wherein said aqueous solu 
tion contains from 30 to 50 wt.% of alkali metal hydrox 
ide. 

5. The method of claim 1, wherein the distillation 
pressure is from 100 to 250 mm Hg. 

6. The method of claim 1, wherein said water content 
is maintained at a value of about 1 wt.% and said pH at 
a value of about 7.5. 

7. The method of claim 1, wherein said residual water 
is distilled off at a temperature of from 60° to 80° C., at 
a pressure of from 100 to 250 mm Hg and for a period 
of from 10 to 20 minutes. 

8. The method of claim 1, wherein n is from 0 to 1.0 
and said Novolak epoxy resin is liquid or semi-solid. 

9. The method of claim 1, wherein n is higher than 1.0 
and up to 5 and said Novolak epoxy resin is solid. 

10. The method of claim 1, wherein said Novolak 
epoxy resin has an epoxy equivalent value substantially 
equal to the theoretical value. 
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